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COMPLETE SPECIFICATION 

Improvements in Packing for Gas or Vapour and Liquid 
Contacting Apparatus 



I, IfKAarcrs Lisoi*oli> Mblvill. a British 
Subject and a National of the Union of 
South Africa, residing at S4, Kerk Street, 
Johannesburg, Transaal, Union of South 
5 Africa, do hereby declare the nature of 
this invention and in what manner the 
same is to be performed, to be particularly 
d escribed and ascertained in and by the 
following' statement : — 

10 This invention relates to packing* . for 
gas or vapour and liquid contacting 
apparatus. Although the invention has a 
wide range of utility, it is particularly 
useful in connection with contacting 

15 apparatus employed for the absorption, 
■cooling, drying, cleansing or humidify- 
in 2- of erases, for the evaporation, cooling 
or heating of liquids, or for reaction pur- 
jjoses. Such apparatus say, for example, 

20 take the form of fractionating towers, 
scrubbers, cooling towers and the like. In 
such apparatus, .a packing is usually em- 
ployed for effecting intimate contact be- 
tween the descending liouid and the 

25 ascending gas or vapour. As used herein 
the term " gas " includes vapour within 
its scope. 

The invention provides a novel packing 
for gas and liquid contacting apparatus 

30 which avoids the presence of unequal gas 
or liquid parages and prevents chanelling' 
or segregation of the flowing gas in open 
spaces and of the liouid along surface 
areas, with the result that at any cross 

35 section of the packing at right angles to 
the general direction of counter current- 
flow of the liqxiid and gas, the composition 
op the liquid and gas is substantially uni- 
form. 

40 The invention also provides a new and 
improved pack in <r of the general charac- 
ter described, which feeds and spreads out 
the liquid evenly in a thin film and in a 
regular predetermined symmetrical man- 

45 ner as it descends in a treating chamber, 
so that even distribution of the liquid 
throughout the flow- area of the chamber 



is afforded, which provides the maximum 
of effective (i.e. wetted) surface area per 
unit of packing space, offers a minimum 50 
of resistance to the passage of the ascend- 
ing gas, and affords a maximum of inti- 
macy of contact and interaction between 
liquid and gas, so that equilibrium be- 
tween the fluid in either phase imme- 
diately adjacent to the inter-face and the 
main bulk of the fluid comprising the 
phase is rapidly attained. 

The invention further provides a pack- 
ing of the general character described, 
which comprises i\ series of simple, com- 
paratively inexpensive elements requir- 
ing little or no shaping, and which can 
easilv and expeditiously assembled. 

Packing embodying the invention com- 
prises a series of flat vertical sheets 
arranged in face to face contact, each of 
the sheets being formed of one integral 
piece and being provided with a lattice of 
mesh openings regularly and sym- 
metrically arranged and separated by 
elements which extend obliquely and are 
integrally joined at predetermined inter- 
vals to form liquid mixing zones at "the 
intervals. Adjoining elements of a pair 
converge downwardly at equal inclina- 
tions towards an integral juncture form- 
ing a liquid mixing zone, and diverge 
downwardly away from the juncture at 
equal inclinations and towards an integral 80 
juncture with other adjacent elements. 
The liquid is thereby directed downwardly 
along* the sheet elements in the form of 
streams which encompass said elements, so 
that com para tivlv large surface stream 85 
areas are exposed in relation to the cross 
sectional areas of the streams. These thin 
streams flowing downward!" olnn^ a pair 
of adjoining downwardly converging ele- 
ments meet at their juncture where they 90 
are thoroughly intermixed. The resulting 
mixture is subdivided and redistributed 
are thoroughly intermixed. The resulting 
diverging downwardly from this juncture. 
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Since each of the pair of diverging* ele- 
ments converges downwardly towards a 
juncture with another adjoining* element, 
the streams flowing- along: the diverging* 
5 elements are intermixed with other 
streams, and then are evenly subdivided 
and re-distributed . This operation is re- 
peated to the desired extent, so that uni- 
form distribution of* the liqiiid throughout 

10 the entire flow area of the packing sheet 
is effected. The sheets are vertically dis- 
posed in face to face contact, and are 
symmetrically arranged with respect to 
each other, so that the liquid is not only 

15 uniformly divided and distributed 
throughout each sheet, but is uniformly 
distributed laterally from sheet to sheet. 

I Tnif orm d istribution of the m aterial 
throughout the entire flow area of the 

20 packing: is thereby assured. 

In the accompanying drawings : 
Fig. 1 is a fragmentary axial vertical 
.seel ion, somewhat diagrammatic, of a gas 
and liquid contacting device containing a 
2° packing embodying the invention: 

Fig. 2 is a transverse section, somewhat 
diagrammatic, of the contacting device 
taken on the line 2 — 2 of Kg. 1 ; 

Tin. 3 is a fragmentary perspective of 
30 n perforated sheet formimr part of the 
packing embodying the invention: 

Fig." 4 is a front elevation of a portion 
of the packing. 

Fig. -*) is a section taken on line 5—5 
35 of Fi<?. 4: and 

Ficr. 6 is a section taken on line 6 — 6 of 
Fisr/4. 

Preferring to Figs. 1 and 2 of _ the draw- 
ing the liquid and gas contacting device 

40 comprises a vertical -cylindrical column 
or tower 10 containing the packing 11 of 
the invention. The gas to be contacted is 
delivered to the lower portion of the tower 
10 below the packing 11, and flows up- 

45 wardlv through the packing, while liquid 
iv fed to theupper portion of the tower 
above the packing, and flows downwardly 
through the packing and in intimate con- 
tact with the ascendinar gas in a manner 

50 to he described. The liquid is desirably 
delivered to the upper portion of the 
tower 10 and over the packing 11 in such 
scattered form as to be spread substan- 
tially evenlv over the top of the packing 

55 11, so that the liouid is distributed sub- 
stantially uniformly throughout the pack- 
ing a its upper end. For that purpose, the 
liquid may be delivered over the packing 

II in spray form, or may be delivered by a 
60 liquid feed device , similar to^ that shown 

and described in mv copending applica- 
tion Serial No. 607,284 (8203 filed 3rd 
April 194o> to feed the liquid in pre- 
determined equally spaced thin streams 
65 over the paclcing. 



The packing 11 is shown occupying the 
central portion of the tower 10. while the 
diametrically opposite side chordal sec- 
tions 12 of 'the tower are left vacant or 
unpacked. A pair of partition plates 13 70 
on the straight or chordal sides respec- 
tively of the packing 11, prevent flow- 
in to or out of the packing through those 
sides. The unpacked spaces 12 of the 
tower 10 may be sealed either at the bot- 75 
torn or the top in any manner well known 
in the art, to prevent by-j>a ss flow through 
these space*. The clearance between the 
arcuate peripheral portions of the packing 
11 and the correspond ing k wall of the £0 
tower 10 may be sealed by any suitable 
means, as for example by means of layers 
14 of glass wool. 

The packing 1 11 comprises a series of 
flat vertical sheets 16 disposed in face to 85 
face contact, and regularlv formed with 
a plurality of lozensre or diamond shaped 
openings 17. The sheet 16 preferably is 
made of metal or of plastic material which 
can be worked as required, and is formed 90 
in the manner of an expanded metal lath 
by providing in a sheet blank a series of 
regularly arranged, closely adjoining, 
parallel slits, set in parallel rows with the 
slits of adjoining 1 rows staggered, prefer- 95 
ably simultaneously expanding the blank 
to spread the slits into diamond-shaped 
openings 37, and rolling the sheets after 
cut-ting and expanding. The section? 18 
of the sheet 16 which intervene between 100 
the slits and which enclose the expanded 
mesh openings 17, are in the form of 
slender elements, and extend obliouelv at 
equal inclinations with the vertical. These 
elements 1R are identical in cross-sectional 105 
size, length, shape and finish, and their 
surface* are of such material as to be sub- 
stantially wetted by the liouid under 
normal operating conditions. The opposite 
faces of the sheets 16 are flat, so that eftVf- 110 
tive face contact between the elements of 
adjoining sheets is assured which is not 
the case with packing formed of ordinary 
expanded metal sheets. 

As shown, the lozenire or diamond 115 
shaped openings 17 preferably are all 
identical in size and shape, and are desir- 
ably, although not necessarily, in the 
form of equilateral parallelograms or 
rhombuses, with the acute vertex angles 120 
of each rhombus preferably, but not 
necessarily, in vertical alignment. The 
mesh openings 17 in each sheet 16 are 
arranged in vertical rows with the mesh 
openings of alternate rows medially dis- 125 
placed with respect to the mesh openings 
of intervening Vows. As a result of this 
staggered arrangement, the elements 18 
bordering the niesh openings 17 are dis- 
posed so that they converge downwardly 130 
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at equal inclinations in pairs towards a 
juncture 20 constituting- the vertex o£ a 
mesh opening- 17, and diverge down- 
wardly ih pairs from this juncture at 
5 equal inclinations, so that the thin liquid 
streams flawing- along- these elements -will 
have the same flow and dimensional char- 
acteristics. These junctures 20 where ad- 
joining elements IS "are integrally inter- 
10 connected preferably are identical, and 
define liquid mixing" zones serving the 
purpose to be disclosed. 

The construction of a sheet 16 as de- 
scribed, lends symmetry to the arrange- 
16 ment of its constituent elements IS, pro- 
vides a continuous solid path over which 
the liquid delivered to the top of the pack- 
ing* can flow downwardly thereover in thin 
streams, affords effective means of contact- 
20 iug the gas passing through the packing 
with the liquid exposed as a series of thin 
streams, and assures the turbulence neces- 
sary to secure mixing of the gases as will 
be more fully described. 
25 The sheets 16 are substantially iden- 
tical, except for widths, and are arranged 
vertically in face to face contact to form 
the composite packing 11. The sheets 16 
desirably are relatively displaced verti- 
30 cally, so that the mesh openings 17 of one 
sheet are out of horizontal registry with 
the mesh openings of adjoining sheets. In 
the specific form shown, the mesh open- 
ings 17 of alternate sheets 16 are in hori- 
35 zontal registry, and the mesh openings of 
intervening sheets are also in horizontal 
registry but are medially staggered with 
respect to the mesh openings of the alter- 
nate sheets. In this honeycomb arrange- 
40 ment, the junction zones 20 in one sheet 

16 will be centrally; disposed with respect 
to the mesh openings 17 of adjoining 
sheets, so that each of the mesh openings 

17 in one sheet will be divided by the ad- 
46 joining sheets into four equal rhombus 

spaces 22 through which the gas passes in 
its general upward flow through the 
tower. The horizontally opposed elements 
of adjoining sheets 16 will contact each 
50 other at the raid-points 24 of these ele- 
ments to form additional liquid mixing 
zones at these points. Adjoining racking 
elements IS will extend at equal inclina- 
tions, towards and away from these inter- 
55 section zones 24. 

With the arrangement disclosed, a por- 
tion of a stream flowing from a liquid mix- 
ing zone 20 along an element 18 in one 
sheet 16 merges at an intersection zone 24 
60 with a similar portion of the stream flow- 
ing from another liquid mixing zone 20 
along an element 18 of an adjoining- sheet. 
In this manner, the liquid in one sheet 16 
is not only distributed and mixed substan- 
65tially xmiformly throughout the width of 



the sheet, but is also distributed and 
mixed with the liquid of adjoining- sheets. 
(Substantially uniform distribution and 
mixing of the liquid throughout the entire 
horizontal flow section of the packing 11 70 
is thereby assured. The interstices or 
spaces 17 defined by the adjoining sheets 
16, are large enough to prevent capillary 
filming of the downwardly flowing liquid 
across these spaces, but preferably are as ' 5» 
small as possible consistent with the liquid 
and gas load and the pressure drop re- 
quired. 

The sheets 16 desirably are sufficiently 
thick so that the spaces between horizon- SO 
tally aligned elements 18 of alternate 
sheets are not spanned by the capillary 
filming of the liquid. To achieve this re- 
sult, the thickness of the sheets 16 will 
vary according to the character of the 85 
liquid being treated. In a specific appli- 
cation, the sheets 16 may be about one- 
tenth of an inch in thickness, and the 
width of the mesh openings 17 may be 
about four times this thickness. The sheets 90 
16 can be held against relative vertical 
displ a cement * by spot welding them to- 
gether at their intersections 24, or if de- 
sired, other holding means may be em- 
ployed for the purpose. 95 

If desired, the composite packing 11 
may be made of separate vertical sheets 
16 relatively displaced vertically. Some of 
these sheets may be vibrated edgewise 
with respect to others to promote turbu- 1"" 
lences in the fluid flow or to prevent clog- 
ging of the packing where, for example, 
the liquid carries solids in suspension. 

The sheets 16 arranged in face to face n „ 
contact to form the composite packing*, are 
set snuffly between the two partition 
plates 13, so that the outside sheets fit 
snugly against these partition plates, and 
thereby effectively serve to dam the liquid 
flowing downwardly along these plates. 
The liquid is thereby returned by this 
damming action to mixing -points in the 
packing from which it will be substan- 
tially uniformly distributed throughout 
the packing. The function of the outside 115 
packing sheets 16 in contact with the par- 
tition walls 13 is particularly important, 
since the countercurrent fluid ^ tends to 
segregate or collect on the enclosing walLs, 
thus upsetting their uniform distribution. 120 

In the use of the packing of the inven- 
ts on, the liquid with which it is desired 
to contact the ascending gases is delivered 
to the top section of the packing as de- 
scribed, and is divided into a number of 125 
predetermined exposed thin streams- which 
flow obliquely downwardly along the ele- 
ments 18 in a direction generally counter 
to the direction of the flow of the gas. The 
maximum of liquid surface is thereby ex- 130 
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juiced to the action of the ascending- gas. 
The liquid stream flowing: downwardly 
along* a single oblique element IS in one 
.sheet 16, merges at a junction zone 20 with 

& the liquid stream flowing: down an adjoin- 
ing oblique element IS of" the sheet. At 
this junction zone 20, the two streams are 
thoroughly intermixed, and the resulting* 
mixture is then subdivided and redistri- 

lObuted equally between the elements IS 
diverging* downwardly from the junction 
zone in a sheet 16. Each of these diverging 
elements 18 in the sheet, constitutes part 
of another pair of elements IS converging 

15 towards another junction zone 20, so that 
the two diverging distributed streams 
merge and intermix with other adjoining 
streams in the sheet, and then again be- 
come subdivided. This pi'ocess is repeated, 

20 so that substantially uniform mixing and 
distribution of the liquid throughout the 
width of each sheet 16 is assured. Also, a 
portion of each liquid stream flowing 
along* an oblique element IS merges at an 

25 intersection zone 24 with a similar portion 
of the stream flowing along an oblique 
element 18 of an adjoining sheet 16, and 
the mixed liquid is then equally sub- 
divided between those parts of the ele- 

30 ments diverging downwardly from said 
intersection zone. The liquid in one sheet 
16 thereby is not only distributed and 
mixed substantially uniformly throughout 
the width of the sheet, but also is distri- 

35 buted and intermixed substantially uni- 
formly with the liquid of adjoining sheets. 

If the flow along the different oblique 
elements IS is not equal, the degree of 
irregularity will tend to become progres- 

40 riively reduced, due to the fact that each 
section will divide the whole of" the liquid 
reaching a given mixing zone 20 or 24 
equally" with its element partner in that 
zone. 'This is particularly important in 

45 the upper section of the packing where 
the liquid feed may not be deposited uni- 
formly over the fop of the packimr. By 
the equalizing process described, the dis- 
tribution of the liquid under these con- 

50 ditions will become uniform in the upper 
section of the packing, and when once 
attained near the top of the packing will 
persist to the bottom thereof. The gas 
passing upwardly generally counter-cur- 

55 rent to the liquid, is subjected to sufficient 
turbulence to insure thorough mixing, 
thus avoiding- the loss of efficiency which 
results when gas at the liquid and gas 
interface is not mixed as rapidly as 

60 possible with the main bulk of the gas, 
and when other purely local conditions 
within the packing tend to vary the com- 
position of the gas across any section of 
the tower 10. 
65 As a result of the construction of the 



packing of the invention, the velocity »>J 
the gas upwardly will be substantially the 
same at any point in any plane at right 
angles to the general direction of now. 
Maximum intimacy of contact and maxi- W 
mum interaction between liquid and gas 
is obtained, and equilibrium i< rai)idly 
established between the material in either 
vapour or liquid phase immediately adja- 
cent to the interface and the main bulk 75 
of the material comprising the phase ^ On 
any cross section of the packing at right, 
angles to the general direction of flow of 
the liquid and the gas. the composition of 
the gas is substantially the same and the 80 
composition of the liquid in its constituent 
streams is substantially the same. The 
pressure drop of the liquid passing 
through the packing and the amount of 
liquid retained by the packing under 85 
normal operating conditions is compara- 
tively low. A comparatively long path of 
travel of the liquid passing through the 
packing* is provided so that retention of 
the liquid for a period long enough to 90 
assure the necessary saturation or inter- 
action when the gas is assured. The length 
of the path of travel will vary, of course, 
with the slope of the elements 18. Q _ 

AlthouG-h for some purposes, the sheets "*> 
1G preferably are made of metal, as far 
as certain aspects of the invention are 
concerned, these may he made of any 
other material, and maybe moulded into 
the desired shape. Tlie^e sheets 10 may, 100 
for example, be made of suitable pi a sties. 

The packing herein described is applic- 
able to liquid and gas- contacting devices, 
such as bubble towers, scrubbers, cooling 
towers, fractionating towers and the like, 1-05 
but it is not intended that the pack ins 
should be limited to equipment- of this 
type. It is contemplated that the pack- 
ing itself may be used as a catalyst. 
Tender these conditions, the packing may. U° 
for example, be made of nickel, oopner or 
anv of the solid materials hnvino* the re- 
quired ratal vtic properties. For that pur- 
pose, the catalytic pack in sr mav serve to 
increase the rate of reaction bv contact 115 
with gas or mixtures thereof, or by con- 
tact with' liquid or mixtures or emulsions 
thereof, or by simultaneous contact with 
liquid and gas, or mixtures thereof. The 
]) a eking* also may serve as a catalyst L20 
carrier, the catalyst, for example, being 
formed into beads which are threaded on 
the elements defining the packing. Fur- 
ther, if desired, the surface of the pack- 
ing elements may be subjected to treat- 125 
ment to form a layer of catalytic material 
there on. Moreover, the pack in ir may 
serve as a carrier of a catalyst which takes 
the form of a liquid, and particularly a 
high viscous liquid such as phosphoric 130 
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acid -with, which it is desired to contact a 
gas or a mixture of gases. 

If desired, tne sheets 16 may be placed 
with the acute angles of the mesh open- 
6 ings in substantial horizontal alignment 
instead of in vertical alignment, as illus- 
trated. 

Inasmuch as certain elements of tne 
packing extend in a downwardly inclined 
10 direction from the inner wall of the tower 
10, liquid which reaches the wall by way 
of some of the elements will flow away 
from the wall by. way of those certain 
elements and thus will tend to retain the 
15 iiquid in the packing and prevent short 
circuiting flow down the wall of the tower. 

The velocity of the vapour flowing up- 
wardly through the packing will cause or 
tend to cause the liquid an the vertically 
20 inclined portions of the elements to 
assume a streamlined or tear drop shape 
such as would present the -minimum resist- 
ance to the flow of vapours and this, to- 
gether with the surface effects which be- 
25 come pronounced with thin films of liquid, 
will have the efliect of distributing the 
liquid over the surface of the element 
with a tendency for a major part of the 
liquid to flow down the upper part of the 
30 element, the amount of liquid so flowing 
increasing with increased vapour velocity. 
The effect of this is to in-sure the maximum 
exposure of the liquid to the vapour and 
to facilitate the mixing of the streams of 
35 liquid at the juncture points. 

Having now particularly described and 
ascertained the nature of my said inven- 
tion and in what manner the same is to be 
performed, I declare that what I claim 

40 is: — r _ 

1. A packing for a gas and liquid con- 
tact device comprising a series of flat ver- 
tical sheets arranged in face to face con- 
tact, each of the sheets being formed of 

45 one integral piece and being provided 
with lozenge or diamond shaped openings 
regularly and symmetrically arranged, 
the elements of the sheet enclosing the 
mesh openings extending obliquely, and 

60 being integraly joined at predetermined 
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regular intervals to form liquid mixing 
zones at the intervals. 

2. A packing according to claim 1 in 
which tne elements of each sheet enclos- 
ing the mesh openings are of the same oo 
length and cross section. 

3. A packing according to claim 1 in 
which each of the sheets is provided with 
a lattice of rhombus mesh openings sym- 
metrically arranged with opposed vertices (JO 
of each opening in substantial vertical 
alignment. . . 

4. A packing according to claim 6 in 
which the sheet openings are arranged in 
vertical rows with the openings of alter- 
nate rows medially staggered with respect 
to the openings of intervening rows. 

5. A packing according to claim 1 rn 
which the sheets are regularly staggered, 
whereby the mesh openings m one sheet 70 
are regularly subdivided into spaces of 
smaller diamensions by the elements' of 
adjoining sheets. 

0. A packing according to claim 1 in 
which the sheets are made of flattened ex- 75 
panded metal. . 

7. A gas and liquid contact device tor 
vertical counter current flow comprising a 
tower, and a packing- in the tower includ- 
ing a series of similar flat vertical sheets gQ 
arranged in face to face contact, each of 
the sheets being formed of one integral 
piece and being provided with a lattice of 
similar mesh openings regularly and sym- 
metrically arranged, the elements of tne 35 
sheets enclosing the mesh openings being 
similar in shape and dimensions and ex- 
tending obliquely at equal inclinations, 
the elements being integrally joined at 
predetermined regular intervals to form 90 
liquid mixing zones at the intervals, sub- 
stantially as exemplified in the accom- 
panying drawings. 



Dated this 29th day of March, 1945. 
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